ObjectiveaaThis study aimed to investigate the longitudinal effects of anxiety, depression, and their comorbidity on physical disorders and disability in an elderly Korean population. MethodsaaIn total, 1,204 community-dwelling elders were evaluated at baseline, and of these 909 (75%) were re-assessed two years later. Anxiety and depression were identified at baseline using questions from the community version of the Geriatric Mental State diagnostic schedule (GMS-B3). Participants were assessed for functional disability and for 11 physical disorders both at baseline and at follow-up. ResultsaaAnxiety alone was associated with the incidence of heart disease, depression alone with the incidence of asthma, and comorbid anxiety and depression with incidence of eyesight problem, persistent cough, asthma, hypertension, heart disease, and gastrointestinal problems. Comorbid anxiety and depression were associated with an increase in the number of physical disorders and the degree of disability during the two-year follow-up, compared to anxiety or depression alone or the absence of anxiety or depression. ConclusionaaAnxiety, depression, and particularly their comorbidity should be assessed in the elderly population considering their longitudinal effects on physical disorders and disability. Future study is required to determine whether interventions aimed at these disorders can mitigate their impacts.
INTRODUCTION
The importance of mental health issues among the elderly has been recognized due to the current rapid aging of the population. Depression and anxiety are two of the most common mental health problems in later life and frequently co-occur. 1 These psychiatric disorders are linked to considerable physical, cognitive, and overall functional disability and even mortality, 1, 2 and poorer prognosis has been found when anxiety and depression co-occur. 3 To date, the impact of anxiety, depression and comorbid anxiety and depression on physical disorders has been studied primarily in working-age adult populations, and while these conditions are associated with the increased occurrence of physical disorders, [4] [5] [6] it is uncertain whether these results can be generalized to the elderly, who typically suffer from a greater number of physical problems. 7 There are currently only a limited number of prospective studies examining this relationship in the elderly: a few studies have assessed the impact of later-life depression on limited physical disorders such as cardiovascular disease and stroke and resulted in increased incidence of stroke or coronary heart disease during 1 to 15 years follow up; 8, 9 and one study examined the impact of later-life anxiety on physical disorders such as cardiovascular disease, gastrointestinal disorders, and arthritis in which, late-life anxiety increased incidence of various physical disorders but the kind of increased incident physical disorder were differed according to type of anxiety disorders. 10 While prior literatures have examined the independent impact of anxiety and depression on physical disorders, few studies thus far has examined the impact of comorbid anxiety and depression on physical disorders in the elderly. , and Jae-Min Kim
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Evidence suggests that sub-threshold symptoms that are insufficient to diagnose depression and anxiety disorders are frequent in elderly, 11 and that these are associated with a chronic course and higher likelihood both of developing the disorder and of increased disability. 12 Considering the high prevalence of comorbid anxiety and depression and the clinical importance of sub-threshold psychiatric symptoms among the elderly, this study aimed to investigate the longitudinal association between anxiety, depression and comorbid anxiety and depression including subthreshold symptoms, and physical disorders using data from a longitudinal community study of an elderly Korean population.
With respect to disability, it is well established that anxiety, depression and comorbid anxiety and depression including subthreshold level is associated with higher disability in latelife. However, prior literature has examined the independent impact of depression on disability in longitudinal study of elderly 13 and studies investigating the impact of anxiety alone and comorbid anxiety and depression on disability were conducted mainly cross-sectionally.
12,14,15 Therefore, we further aimed to examine changes in disability over the two-year follow-up period based on the baseline presence of anxiety and depression and their comorbidity (anxiety and depression).
METHODS

Study overview and participants
This study was carried out as a part of a larger prospective community-based study of late-life psychiatric morbidity in Gwangju, South Korea, from 2001 to 2003, the details of which have been described in a previous publication. 16 All community residents aged 65 and over within two geographic catchment areas (one urban, one rural) were systematically identified from national registration lists and invited to participate at baseline, and those who participated were approached for follow-up two years later [mean±standard deviation (SD) interval: 2.4±0.3 years]. No particular inclusion/exclusion criteria were applied. Home-based interviews with participants and their family members was carried out by trained graduated level research assistants, supervised by the project psychiatrist. Among the 1,566 inhabitants in registration lists, 1,204 inhabitants agreed to participate. No specific compensation was offered for participation. All participants provided formal written informed consent at each assessment point. This study was approved by the Chonnam National University Hospital Institutional Review Board.
Diagnosis of anxiety and depression
Anxiety and depression at baseline were assessed using the community version of the Geriatric Mental State Schedule (GMS-B3) together with a diagnostic algorithm, the Automated Geriatric Examination for Computer-Assisted Taxonomy (AGECAT). 17 These are structured diagnostic instruments used extensively in international epidemiological research on elderly populations. Cases of anxiety and depression were identified by AGECAT scores of ≥3, which are thought to correspond to clinical levels of anxiety and depression warranting professional intervention. AGECAT scores of 1 or 2 were considered indicative of sub-threshold anxiety and depression; although these scores do not warrant routine professional intervention in a clinical context, they were considered meaningful in this context due to their association with disability in the elderly. 12, 18 Comorbid anxiety and depression was defined elderly with subthreshold/clinical level of anxiety and sub-threshold/clinical level of depression. In details, following four groups were included in comorbid anxiety and depression; subthreshold anxiety and subthreshold depression, subthreshold anxiety and clinical level of depression, clinical level of anxiety and subthreshold depression, and clinical level of anxiety and clinical levels depression.
Evaluation for physical disorders and disability
Physical disorders and functional disability were assessed both at baseline and at follow-up. Physical disorders were identified using a structured questionnaire which asked participants about the presence of 11 health problems common among the elderly: arthritis or rheumatism; eyesight problems; hearing difficulty or deafness; persistent cough; breathlessness, difficulty breathing or asthma; high blood pressure; heart disease or angina; gastric or intestinal problems; fainting or blackouts; paralysis, weakness, or loss of power in one leg or arm; and skin disorders such as pressure sores, leg ulcers, or severe burns. This questionnaire was specifically developed for estimating general health in elderly populations. 19 Incidence of physical disorders was defined absent physical disorder at baseline but present follow-up 2 years later. In addition to the presence of individual disorders, the total number of conditions was also calculated. Disability was assessed using the Korean version of the World Health Organization Disability Assessment Schedule II (WHODAS II). 20 WHODAS was developed to measure the impact of health conditions on function and disability of a patient considering impairments (affecting the body), activity limitation (affecting actions or behavior), and participants restriction (affecting experience of life). 21 Moreover, additional advantage of the WHODAS II that it evaluated disability at the individual rather than disorder-specific status can facilitate assessing the total impact of the comorbid condition, 22 which is particularly suited for elderly population suffered from several chronic disease. WHODAS II has been used for disability in elderly and has exhibited rigorous validity, reliability and cross-cultural applicability 20, [23] [24] [25] in which WHODAS scores was associated with functional capacity such as physical health, depression and cognitive function as well as functional ability such as muscle power impairment and speech impairment.
Sociodemographic and clinical covariates at baseline
A range of sociodemographic and clinical characteristics potentially associated with anxiety and depression were also measured at baseline. 26 These included age, gender, years of education, area of residence (rural or urban), accommodation status (owned or rented), past occupation (manual or non-manual), current occupational status (employed or unemployed), monthly income (>$200 USD or ≤$200 USD or less), marital status (married or without spouse), physical inactivity, and cognitive function. Information was obtained from the participants and corroborated by a caregiver where possible. Daily physical activity was ascertained taking into consideration both work and leisure activity, and sedentary lifestyle was defined as a binary variable (active or inactive). 27 Cognitive function was evaluated using the Mini-Mental State Examination (MMSE) 28 and divided into two groups according to MMSE score (MMSE <24, lower cognitive function; MMSE ≥24, higher cognitive function).
Statistical analysis
The distributions of anxiety and depressive states at baseline were tabulated, and for each condition, participants were classified into one of three categories: no anxiety/depression; subthreshold anxiety/depression; or clinical levels of anxiety/depression. Three categories of disorders were utilized: anxiety only, depression only, and comorbid anxiety and depression. A three by three table was created depicting the number and percent of participants in each category, by disorder classification as well as degree of each disorder. For the purpose of association analyses with physical disorders and disability, the categories for sub-threshold and clinical levels were collapsed into a single category for each disorder, as there were insufficient cases of clinically significant disorders to analyze the categories separately.
Univariate analyses (χ 2 tests) were conducted between baseline anxiety/depression status and each of the baseline characteristics measured; variables that showed significant associations (p<0.05) were considered to be covariates. For the analysis of incidence of physical disorders, the sample was restricted to those without any physical disorder at baseline. The associations between baseline anxiety/depression status and individual incident physical disorders were examined using the same logistic regression model, after controlling for baseline covariates. For analysis of change in the number of physical disorders and in the WHODAS scores, the changes between baseline and follow-up scores were calculated (Δphysical disorders=total number of physical disorders at follow up-total number of physical disorders at baseline; ΔWHODAS=WHODAS scores at follow up-WHODAS scores at baseline). The associations between baseline anxiety/depression status and changes in the number of physical disorders and disability were examined using the same logistic regression model after controlling for covariates. Analyses were performed using the SPSS software package for Windows (version 21.0; IBM Inc., NY, USA).
RESULTS
Recruitment and status of anxiety and depression
A total of 1,204 respondents completed the baseline evaluation, and of these, 909 (75.5%) were re-assessed at follow-up. The reasons for not followed participants were as follows; 102 participants could not be contacted, 61 participants died, 51 participants refused to participate, 46 participants changed address, 19 participants were too unwell to participate and 10 participants offered insufficient data about anxiety. Follow-up participants (n=909) did not differ significantly at baseline from those not followed up (n=295) with respect to age (mean±SD, 72.4±5.7 and 73.0±6.9 years, respectively; p=0.394), gender (58% and 59% female, respectively; p=0.711), or psychological status (anxiety: 15% and 16.3%; depression: 9.5% and 12.2%; comorbid anxiety and depression: 22.8% and 23.1% respectively; p=0.437). The distribution of baseline anxiety and depression status is summarized in Table 1 . Of the 1,204 total participants, 623 (51.7%) did not suffer from either anxiety or depression, 184 (15.3%) were identified with anxiety, 122 (10.2%) were identified with depression, and 275 (22.8%) 
Covariates of anxiety and depression status
Univariate analyses between anxiety/depression status and the various sociodemographic and clinical characteristics were conducted and summarized in Table 2 . Variables associated with baseline anxiety and depression status were older age (>75 years), female sex, no education, urban residence, rented housing, no current employment, lower income (<$200 USD/month), unmarried status, physical inactivity, and lower cognitive function (MMSE<24).
Associations with incident physical disorders
The incidence of physical disorders was assessed during follow-up, and the distribution of incident physical disorders by anxiety and depression status at baseline is shown in rows 1 through 11 of Table 3 . At follow-up, only 30 individuals (2.5%) had no physical disorders, and the remaining 879 (97.5%) had one or more physical disorders. Adjusted associations derived from logistic regression analyzing the relationships between individual incident physical disorders and anxiety/depression status at baseline are described in Table 4 . Having anxiety alone at baseline was significantly associated with the occurrence of heart disease; having depression at baseline was significantly associated with the occurrence of asthma; and comorbid anxiety and depression at baseline were associated with increased occurrence of eyesight problem, persistent cough, asthma, hypertension, heart disease, and gastrointestinal problems.
Changes in the number of physical disorders and disability
Changes in the total number of physical disorders between the two study points (the total number of physical disorders at follow up-the total number of physical disorders at baseline) were also calculated, and yielded a range of -1 to +8. At followup, the total number of physical disorders remained unchanged in 307 (25.5%) of the 909 follow-up participants; 267 (22.2%) individuals developed one additional disorder during the follow-up period, 166 (13.8%) participants developed two new disorders, and 140 (11.6%) developed three or more new disorders during the study period. In contrast, 29 individuals (2.4%) saw their physical disorders reduced by one during this period. With respect to disability, WHODAS scores (mean±SD) were 6.6±10.79 at baseline and 20.6±20.49 at follow-up. The unadjusted association of anxiety/depression status with changes in the number of physical disorders and disability scores over the two-year period is shown in Figure 1 . Increases in the mean number of physical disorders during the followup period occurred in the following order: no anxiety/depression <anxiety only <depression only <comorbid anxiety and depression (F=8.555; p<0.001). A similar pattern was found with respect to changes in WHODAS scores (F=4.679; p<0.003). When associations for psychological status with changes in the number of physical disorders and WHODAS were adjusted, only the increase for the mean number of physical disorders and mean WHODAS scores among those with comorbid anxiety and depression were found to be statistically significant when compared to increases in scores for those with no anxiety or depression (last two rows of Table 4 ). 
DISCUSSION
The principal findings of this 2-year longitudinal study of community elders were that: anxiety, depression and their comorbidity were highly prevalent in Korean elderly and associated with increased incidence of different physical disorders; and comorbid anxiety and depression is associated with more increase in number of physical disorders and with more disability after two years compared to anxiety and depression alone as well as no anxiety and depression after adjustment.
The prevalence of anxiety, depression, and their comorbidity in our sample were high (31.2%, 33.0%, and 22.8%, respectively), consistent with previous studies of the elderly that found ranges of 15-52.3% for anxiety, 29 2.5-49% for depression, 30 and 25-65% for comorbidity. 31 Although the prevalence of later-life anxiety and depression varies according to study design, time frame, and diagnostic method, it is well-established that anxiety and depression are common among the elderly, and thus recognizing and managing these conditions appropriately is essential. 1 The primary findings of our study were that comorbid anxiety and depression among the elderly were associated with an increase in the occurrence of various physical disorders including eyesight problem, persistent cough, hypertension, and gastrointestinal problems, in addition to heart disease and asthma which were also associated with anxiety alone and depression alone, respectively. Despite the of lack of previous prospective studies to evaluate the impact of comorbid anxiety and depression on the development of these physical disorders in an elderly population, longitudinal studies have reported significant correlations between psychological distress including anxiety or depression and the increased risk of these physical disorders among the general population, and occasionally the elderly population as well. Consistent with our findings, a recent meta-analysis found that depression increased the rate of hypertension in the general population. 32 With respect to gastrointestinal disease, anxiety and depression in adults were suggested as significant independent predictors not only of functional gastrointestinal disorders, such as irritable bowel disease and functional dyspepsia, 33 but also structural gastrointestinal disorders such as Crohn' s disease and peptic ulcer. 34 Additionally, a significant dose-response relationship, which means that adults with more co-occurring psychological disorders were associated with increased onset of new gastrointestinal symptoms, was reported in a general adult population. 35 Recently, the prospective association between anxiety disorders and the incidence of gastrointestinal disease was also suggested in an older population. 10 Moreover, depression was found to be associated with visual function loss in a 10-year follow-up study of community-dwelling persons aged 65 years and over. Because elderly with comorbid anxiety and depression are at increased risk for developing various physical disorders, intensive management, including psychological intervention and close monitoring for physical disorders, is warranted. It was also found that elderly with comorbid anxiety and depression had the highest increase in number of physical disorders and highest increase in level of disability, followed by elderly people with depression or anxiety alone. Although previous cross-sectional studies have found that comorbid anxiety and depression are linked to greater functional disability and lower well-being than having depression or anxiety alone, 12, 14 this is the first study to investigate the longitudinal impact of comorbid anxiety and depression on changes in various physical disorders. There are several plausible mechanisms underlying this association. First, comorbid anxiety and depression among the elderly are associated with more severe psychopathology including greater suicidality, 1,37 which may lead to poorer self-care and increased high-risk health behaviors such as smoking, physical inactivity, and non-adherence to medication or secondary prevention measures. These behaviors may in turn augment the risk of various physical disorders. Secondly, elderly with comorbid anxiety and depression report higher psychological distress, nearly 50% more disability, and more somatic symptoms, including chest discomfort, This study' s finding that anxiety symptoms were associated with an increased incidence of heart disease at the two-year follow-up is consistent with previous studies of elderly populations that have found anxiety disorders, such as panic disorder and posttraumatic stress disorder, to be significantly associated with heart disease both cross-sectionally 39 and longitudinally. 10, 40 The risk of developing heart disease among the elderly may be increased not only by the presence of specific anxiety disorders, but also by clinically relevant levels of anxiety symptoms, including those at sub-threshold levels which are associated with distress and adverse outcomes in elderly. 41 Therefore, anxiety symptoms in the elderly and their longitudinal association with heart disease deserve greater attention.
A B
The study also found that depressive symptoms were associated with greater risk of developing asthma. Although this is the first study to report a prospective association between depression and the incidence of asthma specifically in an elderly population, a meta-analysis of general adult participants followed for 8-20 years found that depression was associated with a 43% increased risk of developing asthma. 42 Compared to general adult populations, the association between depression and the incidence of asthma among the elderly was evident even at sub-threshold levels of depressive symptoms, and this association was present despite the much shorter followup period.
Our study is the first to report a longitudinal association between psychological symptoms, including comorbid anxiety and depression, anxiety alone, and depression alone, and the incidence of various physical disorders in an elderly community cohort. We used standardized assessment scales including WHODAS II which has been used for measuring disability encompassing functional capacity and functional ability and has been exhibited rigorous validity, reliability and cross-cultural applicability. 20, [23] [24] [25] Moreover, our follow-up rate of 75.5% was adequate, and those who participated in the follow-up did not differ significantly from those who did not with respect to presence and number of physical disorders. Nonetheless, our study had several limitations. First, data on general physical health both at baseline and follow-up were based on participant self-reports, which may suffer from reporting bias. Although our finding of prevalence of individual physical disorders estimated by self-reports were high compared to previous finding estimated by disease registers, 43 there is also prior evidence showing acceptable concordance between self-reports and medical. 44 Additionally, medical records, including information regarding mental health treatment, were not available, and covariates such as personality traits were not included in the evaluation. Despite this, various other variables were considered, and several covariates of anxiety and depressive symptoms were identified. However, because anxiety and depression in the elderly are complex disorders, further studies investigating multidimensional covariates are required. 2, 45 Second, the two-year follow-up time frame was relatively short and may fail to capture physical disorders developing beyond this point. Moreover, our longitudinal analysis considered physical disorders to be an "incident" outcome based on 1 point follow up-i. e. absent on one occasion and present on another. Such an approach has only a limited ability to reflect physical disorder trajectories; for example, episode occurring and the disappearing between examination points would not be included in the analysis, which might result in underestimation of physical disorder incidence. Third, our measurement of anxiety was limited and did not identify specific anxiety subtypes, as the GMS diagnostic instrument is less well-validated with respect to the evaluation of anxiety than it is with regard to dementia or mood disorder assessment. 17 Nevertheless, the GMS has proven to be useful in characterizing the psychopathology of anxiety, even at sub-threshold levels. 12 In conclusion, anxiety, depression, and their comorbidity are common in elderly, and comorbidity between anxiety and depression is associated with greater risk of developing various physical disorders and higher levels of disability. Clinicians and community-based social service providers should seek to identify older patients with anxiety and depression those who are at risk for various physical disorders. Additionally, researchers and clinicians should keep in mind for managing elderly with collaborative care to improve general health condition in elderly population.
